
(12) United States Patent 
Kuribayashi et al. 

US006728496B2 

US 6,728,496 B2 
Apr. 27, 2004 

(10) Patent N0.: 
(45) Date of Patent: 

(54) IMAGE FORMING APPARATUS 

(75) Inventors: Ikuo Kuribayashi, ShiZuoka-ken (JP); 
Takeshi Tomizawa, ShiZuoka-ken (JP) 

(73) Assignee: Canon Kabushiki Kaisha, Tokyo (JP) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C. 154(b) by 0 days. 

(21) Appl. No.: 10/377,776 

(22) Filed: Mar. 4, 2003 

(65) Prior Publication Data 

US 2003/0147662 A1 Aug. 7, 2003 

Related US. Application Data 

(62) Division of application No. 09/327,476, ?led on Jun. 8, 
1999, now Pat. No. 6,564,020. 

(30) Foreign Application Priority Data 

Jun. 8, 1998 (JP) ......................................... .. 10-175398 

(51) Int. Cl.7 ....................... .. G03G 15/00; G03G 15/16 

(52) US. Cl. .......................................... .. 399/37; 399/66 

(58) Field of Search ............................ .. 399/37, 44, 45, 

399/66, 297, 298, 310, 311, 313, 314, 388, 
301 

(56) References Cited 

U.S. PATENT DOCUMENTS 

5,019,871 A * 5/1991 Takeda et al. .............. .. 399/66 

5,084,737 A * 1/1992 Hagen et al. ........... .. 399/66 X 

5,099,287 A 3/1992 Sato 
5,113,226 A 5/1992 Tadokoro et al. 
5,202,727 A 4/1993 IZumiZaki et al. 

5,253,022 A 10/1993 Takeuchi et al. 
5,287,163 A * 2/1994 Miyashiro et al. .......... .. 399/66 

5,321,477 A 6/1994 Nagata et al. 
5,455,664 A 10/1995 Ito et al. 
5,585,908 A 12/1996 Rakov et al. 
5,598,256 A 1/1997 Kimura et al. ............ .. 399/316 

5,640,658 A 6/1997 Inoue et al. .............. .. 399/298 

5,682,575 A * 10/1997 Komori .................. .. 399/66 

5,761,572 A 6/1998 Watanabe et al. ..... .. 399/66 

5,765,094 A 6/1998 Nakamura ........... .. .. 399/406 

5,905,925 A 5/1999 Kawabata et al. .......... .. 399/45 

FOREIGN PATENT DOCUMENTS 

JP 54-80135 6/1979 
JP 5-94095 4/1993 
JP 9-171307 6/1997 

* cited by examiner 

Primary Examiner—Sandra Brase 
(74) Attorney, Agent, or Firm—FitZpatrick, Cella, Harper & 
Scinto 

(57) ABSTRACT 

An image forming apparatus has an image bearing member, 
a movable recording material carrying member and a trans 
fer means for transferring the image from the image bearing 
member onto the recording material being carried by appli 
cation of a transfer output having a predetermined level, the 
predetermined level being changeable, and a control for 
controlling start timing of a change of the transfer output in 
accordance With the predetermined level so that the transfer 
output reaches the predetermined level before the leading 
edge of the image formation area reaches the transfer 
position. The control is capable of controlling the start 
timing of the change of the transfer output before the leading 
edge of the recording material until the leading edge of the 
image formation area reaches the transfer position. 

19 Claims, 8 Drawing Sheets 
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IMAGE FORMING APPARATUS 

This is a divisional of Us. patent application Ser. No. 
09/327,476, ?led on Jun. 8, 1999, noW U.S. Pat. No. 
6,564,020 on Nov. 25, 2002. 

FIELD OF THE INVENTION AND RELATED 
ART 

The present invention relates to an image forming 
apparatus, for example, a copying machine, a printer, a 
facsimile machine, and the like, for electrostatically forming 
an image on a recording medium. 

There have been knoWn such recording apparatuses as 
copying machines, laser beam printers or the like, that form 
full-color images by repeating for yelloW, magenta, cyan, 
and black toners, a process in Which a toner image is formed 
on a photosensitive drum, and the toner image is transferred 
from the photosensitive drum onto a recording medium 
borne on the recording medium bearing portion (peripheral 
surface) of a transfer drum. 

Brie?y describing such an image forming apparatus, ?rst, 
a recording medium is conveyed to a transfer drum With a 
predetermined timing, and adhesion current is ?oWed to the 
back side of the transfer sheet from an adhesion brush (at 
this moment, an electrically conductive roller is in contact 
With the recording medium), causing the recording medium 
to be electrostatically adhered to the transfer sheet. Then, the 
yelloW color toner image Which Was formed on the photo 
sensitive drum is transferred onto the recording medium 
having been adhered to the transfer sheet. This process is 
also carried out for magenta, cyan, and black toners. As a 
result, a full-color image is formed on the recording 
medium. In this transfer process, a voltage With a predeter 
mined level is applied to the inWard side of the transfer sheet 
by a transfer charging device constituted of a transfer brush 
or the like. The recording medium on Which a full-color 
image has been formed is separated from the transfer sheet, 
and the toner image is ?xed to the recording medium by a 
?xing device. Thereafter, the recording medium is dis 
charged from the image forming apparatus. The transfer 
sheet from Which the recording medium has been separated 
is cleared of electrical charge by an inside charge removing 
device and an outside charger removing device, Which are 
on the inWard and outWard sides, respectively, of the transfer 
sheet, and then, its surface is cleaned by a cleaning appa 
ratus. 

In the case of the aforementioned full-color image form 
ing apparatus, the electrical potential on the surface of the 
transfer sheet ?uctuates as folloWs. That is, ?rst, the surface 
of the transfer sheet is initialiZed by the inside and outside 
charge removing devices. It is assumed that the voltage level 
of the transfer sheet after the charge removal is V0. 
Thereafter, the voltage level on the back surface of the 
transfer sheet increases by Vq as an adhesion voltage is 
applied to the back surface of the transfer sheet in order to 
bear and hold a sheet of recording medium on the transfer 
sheet. Also in the transfer process, the back surface potential 
of the transfer sheet ?uctuates by a voltage level of Vt as 
transfer voltage is applied to the transfer sheet from the 
transfer brush. 

In the case of the full-color image forming apparatus 
(full-color copying machine), this transfer process is carried 
out four times per full-color image, and then, the recording 
medium is separated from the transfer sheet. Assuming that 
the voltage level of the transfer voltage is constant, the 
voltage level on the back surface of the transfer sheet 
increases by V1=VO+Vq+4><V,, through a total of four trans 
fer processes. 
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2 
As is commonly knoWn, edges of a sheet as recording 

medium have burrs. If these burrs at the edges of a recording 
sheet face the transfer drum, and the transfer voltage is 
applied, starting from the leading edge of the recording 
sheet, such force that causes the recording sheet and the 
photosensitive drum to be attracted to each other is gener 
ated. As a result, the force Which causes the leading edge of 
the recording sheet to be attracted to the transfer drum is 
reduced, alloWing the leading edge of the recording sheet to 
be lifted from the transfer drum. This results in the produc 
tion of an image of loW quality traceable to transfer failure. 
In an extreme case, the recording sheet is Wrapped around 
the photosensitive drum, making recording sheet convey 
ance impossible. 

Thus, in the case of this image forming apparatus, control 
is executed so that transfer current does not ?oW at the 
leading edge of a recording sheet. More speci?cally, Where 
the leading edge of a recording sheet is on the transfer sheet, 
the potential level of the transfer brush is made to be the 
same as that of the transfer sheet so that current does not 
?oW from the transfer brush to the transfer sheet (and 
recording sheet). 

In the region in Which control is carried out to prevent 
transfer current from ?oWing, the potential level of the 
transfer sheet is kept at the initial state; it remains at VO+Vq 
until the end of the formation of each full-color image. 
Therefore, in the case of an image forming apparatus such 
as this image forming apparatus, the level of transfer voltage 
must be increased from VO+Vq to Vim (VlaspVl) during the 
period from When the leading edge of a recording sheet, that 
is, the leading edge of the leading margin portion of a 
recording sheet, makes contact With the transfer sheet, to 
When the trailing edge of the leading margin portion of the 
recording makes contact With the transfer sheet. This ?uc 
tuation in the transfer voltage is shoWn in FIG. 8. 

When the capacity of a transfer sheet is CPI; the capacity 
of a recording medium is CW; the amounts of electrical 
charge necessary for the adhesion and the transfer are Q q and 
Q, respectively (these values are dependent upon the char 
acteristic of the photosensitive drum or the amount of toner 
charge, and in a stable environment they are not dependent 
upon the characteristic of the transfer sheet or the recording 
medium; they remain stable), Vq=Qq><(1/Cp,+1/Cpp), and 
Vt=Qt><(1/Cpt+1/Cpp). 

In the past, 150 pm thick polycarbonate has been used as 
the material for the transfer sheet. HoWever, the dielectric 
constant of the polycarbonate is approximately 3, relatively 
loW compared to that of PVDF (polyvinylidene), Which is 
10. Further, the capacity CF, of the transfer sheet is propor 
tional to the dielectric constant of the transfer sheet. 
Therefore, the usage of the polycarbonate as the material for 
the transfer sheet made the transfer sheet capacity CPI small. 
As a result, the amount of the electrical charge necessary for 
the transfer process makes the values of the Vq and V, rather 
large. 

Further, in an environment With loW humidity, or as the 
thickness of a recording medium is increased, the dielectric 
constant of the recording medium becomes extremely small, 
Which also increases the values of the Vq and V,. In reality, 
the average dielectric constant of a sheet of recording paper 
under the loW humidity condition is 2—4. For example, if a 
recording sheet is approximately 100 pm in thickness, and 3 
in dielectric constant, the amount by Which the potential 
level of a transfer sheet or a recording sheet increases is 
approximately 4—8 kV. It is extremely dif?cult to increase 
the potential level of the transfer sheet or the recording sheet 



US 6,728,496 B2 
3 

by this much amount Within a short period equivalent to the 
very narrow Width, in terms of the sheet conveyance 
direction, of the leading margin portion of the recording 
sheet (if the Width of the margin is 8 mm, and the process 
speed is 200 mm/sec, the potential level must be increased 
by 4—8 kV in 40 milliseconds). As a result, the problem 
frequently occurs that a copy lacking the portion of the 
image at the leading end is produced. 

SUMMARY OF THE INVENTION 

Accordingly, it is a principal object of the present inven 
tion to provide an image forming apparatus, method and a 
control system therefor Wherein a defect adjacent a leading 
edge of a recording material is suppressed or removed. 

It is another object of the present invention to provide an 
image forming apparatus, method and a control system 
therefor Wherein a clear image can be formed from the 
leading edge of the recording material. 

According to an aspect of the present invention, there is 
provided an image forming apparatus comprising an image 
bearing member for bearing an image; a movable recording 
material carrying member for electrostatically carrying the 
recording material; transfer means for electrostatically trans 
ferring the image from said image bearing member onto the 
recording material carried on said recording material carry 
ing member at a transfer position, said transfer means being 
located at a position across from a side of said recording 
material carrying member carrying the recording material; 
and control means for controlling timing of start of change 
of a current ?oWing through said transfer means in accor 
dance With a kind of the recording material so that the 
current reaches a level effective to transfer the image from 
said image bearing member onto the recording material 
carried on said recording material carrying member Within a 
period in Which a non-image formation area of the recording 
material at its leading edge is passing the transfer position. 

These and other objects, features and advantages of the 
present invention Will become more apparent upon a con 
sideration of the folloWing description of the preferred 
embodiments of the present invention, taken in conjunction 
With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic section of the transfer drum and its 
adj acencies in the ?rst embodiment. 

FIG. 2 is a schematic draWing Which shoWs the con?gu 
ration of the recording medium conveyance path in the ?rst 
embodiment. 

FIG. 3 is a schematic draWing Which shoWs the structure 
of the curling mechanism in the ?rst embodiment. 

FIG. 4 is a graphical draWing Which shoWs the state of the 
electrical charge on the sheet of the transfer drum. 

FIG. 5 is a schematic draWing Which shoWs the transfer 
voltage levels for an ordinary recording sheet and a thick 
recording sheet in the ?rst embodiment. 

FIG. 6 is a schematic draWing Which shoWs the transfer 
voltage levels for high and loW humidity environments in 
the second embodiment. 

FIG. 7 is a schematic sectional vieW of an example of an 
embodiment of the present invention in the form of a 
full-color image forming apparatus. 

FIG. 8 is a graph Which shoWs the ?uctuation of the 
voltage level on the transfer sheet of the transfer drum in a 
conventional full-color image forming apparatus. 
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DESCRIPTION OF THE PREFERRED 

EMBODIMENTS 

Hereinafter, an image forming apparatus in accordance 
With the present invention Will be described With reference 
to the appended draWings. 
Embodiment 1 

FIG. 7 shoWs the general structure of an image forming 
apparatus in accordance With the present invention. The 
con?guration and components of this image forming appa 
ratus Will be described in their logical order. 
As for the basic structure, the image forming apparatus 

comprises a photosensitive drum 1 as an image bearing 
member, and various image forming means: a charging 
device 2, an optical apparatus 3 as a latent image forming 
means, developing devices 4Y, 4M, 4C, and 4K as means for 
developing yelloW, magenta, cyan, and black colors, 
correspondingly, a transfer drum 5 as a recording medium 
bearing member, a transfer charge brush (Which may be in 
the form of a blade) as a transferring means for transferring 
a toner image onto the recording medium, and a cleaner 6, 
Which are disposed along the peripheral surface of the 
photosensitive drum 1 in a manner to surround the photo 
sensitive drum 1. 

Next, the process in Which a full-color image is formed on 
a recording medium Will be described. First, on the periph 
eral surface of the photosensitive drum 1 having been 
uniformly charged by the charging device 2, the portion for 
the ?rst color (for example, yelloW color) in the image 
formation data sent from a reader portion 30 is materialiZed 
in the form of a latent image by the optical apparatus 3. This 
latent image on the photosensitive drum 1 is developed by 
the toner (in this embodiment, negatively chargeable toner) 
correspondent to the ?rst color into a visual image (?rst 
toner image). Then, the toner image is transferred onto a 
recording medium P borne on the transfer drum 5 after 
having been conveyed from a sheet feeder cassette 7 (7a, 7b, 
and 7c). During this transfer process, a voltage With a 
predetermined magnitude (in this embodiment, positive 
voltage) is applied to the transfer charge brush 5b. The 
photosensitive drum 1 is cleared of the toner remaining on 
its peripheral surface, being prepared for the image forma 
tion cycle for the next color. 
The diameter of the photosensitive drum 1 is approxi 

mately the same as that of the transfer drum 5; in other 
Words, the curvature of the peripheral surface of the photo 
sensitive drum 1 is approximately the same as that of the 
transfer drum 5. 
The above described process is carried out for the rest of 

the colors (magenta, cyan, and black colors). As a result, a 
full-color image is formed on the recording medium P. After 
the last transfer process, the recording medium P is separated 
from the transfer drum 5 by a separating means comprising 
a separation charger 5h, a separation claW 8a, a pusher roller 
8b for separation, and is delivered into a tray 10 through a 
?xing device 9. 

After the removal of the recording medium P having been 
borne on the surface of the transfer drum 5, the transfer drum 
5 is cleared of the unnecessary toner Which is still adhering 
to its peripheral surface, by transfer cleaners 16 and 17, 
being prepared to bear the folloWing sheet of recording 
medium. 
The ?xing device 9 comprises a ?xing roller 9b, Which 

contains a heater 9a (heat source), and a pressure roller 9c, 
Which is placed in contact With the ?xing roller 9b by the 
application of a predetermined amount of pressure. In 
operation, heat is applied to the recording medium P While 
the recording medium P is being conveyed through the 
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?xing device, so that the toner image on the recording 
medium P is Welded to the recording medium P. 

In the case of a full-color copying machine employing 
such a multiple layer transfer system as the one described 
above, it is desired that approximately 75—150 pm thick PC 
(polycarbonate) or PET (polyethyleneterephthalate) is used 
as the material for the transfer sheet 5f of the transfer drum 
5. This is due to the fact that these materials are superior to 
PVDF (polyvinylidene ?uoride) in terms of durability, as 
Well as ease of disposal at the end of their service lives. 

Next, the operation of this image forming apparatus Will 
be described in further detail With reference to FIG. 1. 

The transfer drum 5 comprises a transfer sheet 5f, Which 
is Wrapped around the periphery of the transfer drum 5, and 
to Which the recording medium P is electrostatically adhered 
in order to be conveyed in the direction indicated by an 
arroW mark C. The leading and trailing ends of the transfer 
sheet 5f are glued to the connecting member 5j of the 
transfer drum 5. In this embodiment, 150 pm thick PC 
(polycarbonate) ?lm With a volumetric resistivity of no less 
than 1015 Q cm is used as the material for the transfer sheet 

51” 
In an image forming operation, ?rst, the inWard and 

outWard charge removing devices 5d and 5e are activated to 
initialiZe the transfer sheet 5f in terms of electrical potential. 
The recording medium P is fed by an unillustrated sheet 
conveying means from the direction indicated by an arroW 
mark B. An adhesion roller 5g is moved to the transfer sheet 
5f by an unillustrated driving source, and placed in direct 
contact With the transfer sheet 5f, alloWing the adhesion 
voltage (electrical charge) to be applied from a high voltage 
poWer source 20 to the transfer sheet 5f, on the side (back 
side) opposite to the recording medium bearing surface, 
through an adhesion charge brush 5c. Since the adhesion 
roller 5g is grounded, a voltage (positive charge) With the 
polarity opposite to that of the voltage (negative voltage) 
applied to the adhesion brush is induced. As a result, the 
entirety of the recording medium P is electrostatically 
adhered to the transfer sheet 5f. As soon as the recording 
medium P is adhered to the transfer drum 5, the adhesion 
roller 5g is quickly moved aWay from the transfer drum 5. 

Next, voltage (positive charge) is applied to the transfer 
charge brush 5b from a high voltage poWer source 21, and 
the negatively charged toner image having been formed on 
the photosensitive drum 1 is transferred onto the recording 
medium P. It should be noted here that in this embodiment, 
a photosensitive drum comprising a surface layer formed of 
organic photoconductor is employed as the photosensitive 
drum 1. Further, the so-called reversal development system 
is employed, according to Which a photosensitive drum is 
initially charged to the same polarity as that of toner, or the 
negative polarity, and toner adheres to the portions of the 
peripheral surface of the photosensitive drum, Where the 
amount of charge has been reduced due to the exposure to 
a laser beam. In a multiple layer transfer process, the transfer 
operation is repeated a predetermined number of times per 
each recording medium, and then, the recording medium is 
separated from the transfer drum 5 by the separation roller 
8h, separation roller 8a, and separation charging device 5h. 

The aforementioned inWard and outWard charge removing 
devices 5d and 5e are activated before and after the afore 
mentioned operational sequence comprising adhesion, 
transfer, and separation, to initialiZe the transfer sheet 5f in 
terms of electrical potential. 

In the past, in order to improve a full-color image forming 
apparatus, in particular, one equipped With a transfer drum, 
in terms of the efficiency With Which a recording medium is 
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6 
adhered to the transfer drum, a recording medium has been 
curled so that its curvature coincides With that of the 
peripheral surface of the transfer drum. 
As for an apparatus for curling a recording medium While 

the recording medium is in the recording medium conveying 
portion, it Was provided With a curling mechanism (pair of 
rollers) of a sponge roller type or a Mickey roller type, 
through Which a recording medium is passed to give the 
recording medium a predetermined amount of curl. 

Also in the past, in order to give a recording medium a 
larger amount of curl, a method such as increasing the 
pressure applied by the pair of curling rollers, or changing 
the angle of the recording medium conveyance path relative 
to the nip betWeen the pair of curling rollers, at the entry and 
exit sides of the nip, has been used. 
At this time, the recording medium curling portion 50 and 

the registration roller 60 portion in this embodiment Will be 
described in detail. 

In FIG. 2, the recording medium conveyance path ranging 
from the recording medium curling portion 50 to the regis 
tration roller portion 60 is shoWn. 

Referring to FIG. 3, the curling portion (mechanism) 50 
in this embodiment is of the so-called Mickey roller type, 
Which comprises a driver roller 50a, and curling rollers 50b 
and 50c. As a recording medium is conveyed through this 
curling portion, it is squeeZed so that it is curled in the 
doWnWard direction in FIG. 3. 

Also referring to FIG. 2, there is disposed on the doWn 
stream side of the curling portion 50, a pair of conveyer 
rollers 52 for stabiliZing the recording medium conveyance. 
After the curling, the recording medium is changed in 
direction on the doWnstream side of the pair of conveyer 
rollers 5, and arrives at a pair of registration rollers 60, by 
Which the recording medium is corrected in its direction 
relative to the conveyance direction, and sent to the transfer 
drum 5 With a predetermined timing. 

In a full-color image forming apparatus such as the above 
described one, the state of electrical charge on the surface of 
the transfer sheet of the transfer drum changes as illustrated 
in FIG. 4. 
More speci?cally, the transfer sheet 5f is initialiZed in 

terms of the potential levels on its front and back surfaces by 
the inWard and outWard charge removing devices 5d and 56, 
so that the potential level of the transfer sheet 5f, on the back 
side (side With Which adhesion brush and transfer brush 
come in contact) uniformly becomes —VO (V) across the 
entire surface. Then, in order to hold the recording medium 
P to the front surface of the transfer sheet 5f, electrical 
charge is given to the transfer sheet 5f, on the back side, so 
that the potential level on the back side of the transfer sheet 
5f becomes —Vq As a result, the potential level of the 
transfer sheet 5f, on its back side, changes to —VO+Vq 

In the next process, the transfer process, electrical charge 
is given to the back side of the transfer sheet 5f by the 
transfer brush 5b, so that the potential level on the back side 
of the transfer sheet 5f increases by a voltage level of VT. As 
a result, the potential level on the back side of the transfer 
sheet 5f is changed to —VO+Vq+VT In the case of the 
full-color image forming apparatus in this embodiment, this 
transfer process is repeated four times per recording 
medium, and then, the recording medium is separated from 
the transfer drum 5. Consequently, the potential level on the 
back side of the transfer sheet 5f ?nally increases to —Vp+ 
Vq+4><VT 
As described previously, as a sheet of recording paper is 

cut, or is subjected to the like processes, edges With burrs are 
created. These burrs keep the edges of the recording medium 
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away from the transfer drum 5. In this state, if the transfer 
voltage is applied to the recording medium, starting from the 
leading edge, the force Which causes the recording medium 
and the photosensitive drum 1 to attract each other increases, 
reducing the effectiveness of the force Which causes the 
leading edge of the recording medium to adhere to the 
transfer drum 5. As a result, the leading edge of the record 
ing medium is not adhered to the transfer drum 5. This 
creates problems. For example, if the nonadherence of the 
recording medium to the transfer drum 5 extends beyond the 
leading White margin portion of the recording medium, an 
image With loW quality traceable to transfer failure is 
produced, and in an extreme case, the recording medium is 
Wrapped around the photosensitive drum 1, making the 
recording medium conveyance itself impossible. 

Thus, control is executed to prevent the transfer current 
from ?oWing at the leading edge of a recording medium. 
More speci?cally, the transfer voltage applied to the transfer 
brush is controlled to equaliZe its voltage level to the 
potential level of the transfer sheet (transfer O pA control), 
so that current does not flow from the transfer brush to the 
transfer sheet (and recording medium). 

In the region in Which control is executed to prevent the 
transfer current from ?oWing through the leading edge 
portion of the recording medium, the potential level of the 
transfer sheet is kept at the initial level; in other Words, it 
remains at the voltage level of V0 until the end of each image 
formation cycle. Therefore, it is necessary in a full-color 
image forming apparatus such as a conventional full-color 
image forming apparatus that the transfer voltage be started 
up from V0 to V1. 

In a conventional image forming apparatus, 150 pm thick 
polycarbonate ?lm is used as the material for the transfer 
sheet. HoWever, the dielectric constant of the polycarbonate 
is approximately 3, loW compared to that of PVDF, Which is 
10. Therefore, the values of Vq and Vt are very large. 
Further, if a thick recording medium, Which is extremely loW 
in dielectric constant, is used, the values of Vq and V, also 
become extremely large, making it extremely difficult to 
start up the transfer voltage in a very short time equivalent 
to the Width of the White margin at the leading end of a 
recording sheet. Consequently, copies produced by a con 
ventional image forming apparatus sometimes suffer from 
the problem that the portion of the image on the copy, on the 
leading end, is missing by a substantial Width. 

Since the thicker a recording medium (the greater the 
basis Weight), the greater the effect of the curling, that is, the 
greater the force With Which the recording medium Wraps 
itself around the transfer drum, even if transfer voltage is 
applied, starting from the leading edge, the force Which 
keeps the leading end of the recording medium adhered to 
the transfer drum does not become instable. 

Thus, in this embodiment, in consideration of the impor 
tance of the adherence of the leading edge portion of a 
recording medium to the transfer drum, control is executed 
so that transfer current basically does not flow through the 
leading edge portion of the recording. HoWever, When an 
image is formed on a thick recording medium, the curling 
mechanism is activated, and the transfer voltage is applied 
to the recording medium, starting from the leading edge. 

SWitching the Way transfer voltage is applied to the 
leading edge of a recording medium depending upon the 
type of recording medium as described above makes it 
possible to assure both sufficient adhesion of the recording 
medium to the transfer drum and the image quality at the 
leading end of the recording medium. 

According to the research by the inventors of the present 
invention, if a recording medium is a sheet of paper With a 
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basis Weight of no less than 130 g/m2, the effect of the 
curling mechanism becomes large enough so that even if 
transfer voltage is applied to the recording medium, starting 
from the leading edge, the recording medium is reliably 
conveyed. FIG. 5 graphically shoWs the transfer voltage 
applied When an image is formed on an ordinary sheet of 
paper With a basis Weight of approximately 80 g/m2 With the 
use of the image forming apparatus in this embodiment, and 
the transfer voltage applied When an image is formed on a 
thick sheet of paper With a basis Weight of approximately 
200 g/m2. 

Referring to FIG. 5, in the case of an ordinary sheet of 
paper, the application of the transfer output began Within the 
leading end margin of the sheet, Whereas in the case of a 
sheet of thick paper, the application of the transfer output 
had begun at the leading edge of the sheet. In both cases, the 
voltage level of the transfer output Within the intended 
image region Was at a predetermined level, assuring that the 
entirety of an image Would be satisfactorily transferred. FIG. 
5 also shoWs that the transfer output for the thick paper is 
greater than that for the ordinary paper. Further, if the 
volumetric resistivity of a thick sheet of paper is relatively 
loW, the application of the transfer output may be started 
Within the leading White margin of the paper, closer to the 
leading edge. 

Also referring to FIG. 5, Within the region correspondent 
to the intended image area of the recording medium, transfer 
voltage With a predetermined level is applied to transfer the 
image, assuming that the impedances of the transfer sheet 
and the entirety (inclusive of toner image) of the recording 
medium are substantially constant. During this period, either 
the constant voltage control Which keeps the transfer voltage 
constant at a predetermined level, or the constant current 
control Which keeps the transfer current (current Which 
?oWs through transfer brush) constant, may be carried out. 
HoWever, if the aforementioned impedances are 
unignorable, the constant current control is preferable. 

In this embodiment, the characteristic of paper is 
described only in terms of thickness. HoWever, it is also 
effective to carry out such control that sWitches the point at 
Which the value of the transfer current is changed, depending 
on any of the paper properties other than thickness, for 
example, rigidity, surface resistance, volumetric resistivity, 
dielectric constant, and the like. For instance, even if a sheet 
of recording paper is thin, as long as the paper is high in 
rigidity and resiliency, it can be sufficiently curled. 
Therefore, in the case of this sheet of recording paper, the 
application of the transfer voltage may be started at a point 
close to the leading edge of the sheet, making it possible to 
reduce the Width of the margin at the leading end of the 
sheet. 

In the case of paper high in the value of volumetric 
resistivity, surface resistivity, or the like, even if the appli 
cation of the transfer voltage is started relatively close to the 
leading edge of a recording medium, the recording medium 
Will not be Wrapped around a photosensitive drum. 
HoWever, in the case of a sheet of recording paper loW in 
resistivity, unless the application of the transfer voltage is 
started substantially aWay from the leading edge of the 
recording sheet, the leading edge of the recording sheet is 
negatively affected by the transfer current, creating prob 
lems; for example, the recording sheet Wraps itself around 
the photosensitive drum. HoWever, generally, paper With 
loW resistivity is greater in dielectric constant compared to 
paper With higher resistivity. Therefore, the voltage level V, 
by Which the transfer voltage must be started up to cause the 
transfer current to flow through the paper by the same 



US 6,728,496 B2 
9 

amount as the current Which ?oWs through paper With high 
resistivity, is relatively small. Thus, When a recording sheet 
With loW resistivity is in use, even if the application of the 
transfer voltage is started only a short distance past the 
leading edge of the recording sheet, it is assured that the 
toner image is transferred in its entirety. In other Words, the 
leading White margin for a sheet of recording paper With loW 
resistivity does not need to be as Wide as that for a sheet of 
recording paper With high resistivity. 
As described above, by sWitching, depending upon physi 

cal properties of a sheet of recording paper, the point at 
Which the application of the transfer voltage is started before 
or past the leading edge of a sheet of recording paper, it is 
assured that the sheet of recording paper is properly adhered 
and conveyed to satisfactorily transfer the toner image in its 
entirety. In other Words, an image forming apparatus may be 
con?gured so that it can be adjusted, by a user or 
automatically, to the thickness, various resistivities, rigidity, 
or the like, of recording medium, Which is obvious. 
Embodiment 2 

Next, the second embodiment of the present invention 
Will be described With reference to FIG. 6. In the ?rst 
embodiment, the point at Which the application of the 
transfer voltage is started before or past the leading edge of 
a sheet of recording paper, and also the state of the 
application, are sWitched depending upon the type of the 
sheet. HoWever, it is also effective to sWitch the point at 
Which the application of the transfer voltage is started before 
or past the leading edge of a sheet of recording paper, and 
also the state of the application, depending upon the amount 
of the moisture in a sheet of recording paper. Such an 
example is described beloW as the second embodiment of 
the present invention. 

In an environment With loW humidity, the value of the 
dielectric constant of paper becomes extremely small com 
pared to that in an environment With high humidity, and so 
does the electrostatic capacity of the toner on a photosen 
sitive drum. Therefore, much larger transfer current is nec 
essary. Further, since paper loses moisture in an environment 
With loW humidity, it becomes loW in dielectric constant, and 
therefore, high in tap capacity, making it necessary for the 
value of the aforementioned ?nal transfer voltage V1 to be 
extremely large. Thus, if the transfer voltage is started up 
past the leading edge of a sheet of recording medium, it 
cannot be guaranteed that a toner image Will be satisfactorily 
transferred onto the sheet, even to the portion close to the 
leading edge. 
On the other hand, in an environment such as the afore 

mentioned loW humidity environment, a sheet of recording 
paper gains in resiliency, more effectively clinging to a 
transfer drum after it is curled by a curling mechanism. 
Therefore, it is assured that even if the application of the 
transfer voltage is started at the leading edge of the sheet, the 
sheet is satisfactorily adhered to the transfer drum. 
On the contrary, in an environment With high humidity, a 

sheet of recording paper loses in resiliency, less effectively 
clinging to a transfer drum after its curling by a curling 
mechanism. In addition, the sheet absorbs moisture, losing 
in resistance value. Therefore, unless the application of the 
transfer voltage is started a substantial distance past the 
leading edge of the sheet, a portion of the transfer current 
?oWs into the leading edge of the sheet. As a result, the 
leading end portion of the sheet is adhered to a photosen 
sitive drum, or in an extreme case, the sheet is Wrapped 
around the photosensitive drum; in other Words, it cannot be 
assured that the sheet is satisfactorily adhered to the transfer 
drum, or is satisfactorily conveyed. 
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Further, in a high humidity environment, the electrostatic 

capacity of the toner becomes smaller compared to that in a 
loW humidity environment, requiring less transfer current. In 
addition, a sheet of paper absorbs moisture, gaining in 
dielectric constant, and therefore, losing in tap capacity. 
Therefore, the value of +V1 does not need to be increased as 
much as in a loW humidity environment, provided that the 
current required for the satisfactory image transfer is the 
same in both environments. Therefore, the transfer voltage 
can be started up from VO+Vq to V1 in a relatively short 
period of time, making it less likely that the leading end of 
a toner image fails to be satisfactorily transferred. 

Thus, in this embodiment, the point at Which the appli 
cation of the transfer voltage is started in a loW humidity 
environment is made to be closer to the leading edge of a 
sheet of recording paper than the point for a high humidity 
environment, to assure the adherence of the leading edge and 
adjacency thereof to a transfer drum, and the resultant image 
quality. 

In the case of an image forming apparatus enabled to form 
an image on both sides of a sheet of recording medium, 
When a sheet of recording medium is passed through a 
thermal ?xing device for the second time to form an image 
on the second surface of the sheet in terms of the order in 
Which an image is recorded, the tap capacity of the sheet is 
larger than When an image is formed on the ?rst surface of 
the sheet, because the sheet is dried While it is passed 
through the thermal ?xing device for the image formation on 
the ?rst surface. Therefore, the value of the transfer voltage 
V1 to be applied for the image formation on the second 
surface must be higher than that for the image formation on 
the ?rst surface. On the other hand, during the image 
formation on the second surface, the sheet is more resilient 
than during the image formation on the ?rst surface, and 
therefore, the sheet clings to the transfer drum more effec 
tively after it is curled by the curling mechanism, than 
during the image formation on the ?rst surface. Therefore, 
even if the application of the transfer voltage is started at the 
leading edge of the sheet, the sheet conveyance does not fail. 

In other Words, this embodiment is characteriZed in that 
When an image is formed on both sides of a sheet of 
recording medium, the point at Which the application of the 
transfer voltage is started during the image formation on the 
second side of the sheet is made closer to the leading edge 
of the sheet than the point for the image formation on the 
?rst side of the sheet. With this arrangement, it is possible to 
assure both the adhesion of the leading edge to a transfer 
drum, and image quality. 
Embodiment 3 

Next, the third embodiment of the present invention Will 
be described. In the preceding ?rst and second 
embodiments, control Was executed so that transfer current 
Was prevented from ?oWing through the edge portion of a 
sheet of recording medium, and also that after the starting of 
the application of the transfer voltage, the transfer voltage 
reached a predetermined level in a period of time, equivalent 
to the Width of the White margin at the leading end, after it 
began to be applied. This embodiment, hoWever, is compat 
ible With any system as long as the system is such that the 
transfer voltage is increased to a necessary level Within a 
period equivalent to the Width of the White margin at the 
leading end of the sheet after the transfer voltage begins to 
be applied. 

In a system such as a conventional system in Which the 
photosensitive drum and the transfer drum are equal in 
peripheral surface curvature, if a piece of recording medium 
fails to be suf?ciently curled by a curling mechanism, 
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allowing transfer current to How through the leading edge of 
the recording medium results in the failure in recording 
medium conveyance, Which Was described previously. 
HoWever, When a transfer belt is employed, or the curvature 
of a transfer drum is smaller than that of a photosensitive 
drum, even if the leading edge of a sheet of recording paper 
has burrs, quite often, all that is necessary is to execute 
control so that the current Which ?oWs through the leading 
edge of the sheet becomes smaller than the current Which is 
?oWed for image transfer during image formation. For 
example, if the amount of the transfer current to be ?oWed 
during image formation is set at a predetermined level of 20 
MA, the amount of the current alloWed to How through the 
leading edge portion of the sheet is set loW at approximately 
10 MA, and the amount of the current is changed from 
approximately 10 pA to approximately 20 pA Within a 
period equivalent to the Width of the White margin at the 
leading end of the sheet. The current value at the leading 
edge of the sheet may be negative (for example, —1.5 MA). 
In other Words, the amount of the current may be changed 
from —1.5 pA to approximately +20 pA. 

Even in the case of a system such as the one described 
above, both the proper adhesion of the leading edge of a 
sheet of recording medium to a transfer drum, Which is 
responsible for the reliable conveyance of the sheet, and 
image quality, are assured by sWitching the period in Which 
the transfer current is changed, depending on the properties 
of the sheet. 

The above described ?rst to third embodiments may be 
employed in combination as they ?t. For example, the 
timing With Which the transfer output is changed depending 
on humidity and the properties (thickness, basis Weight, and 
the like) of a sheet of recording medium may be controlled. 

While the invention has been described With reference to 
the structures disclosed herein, it is not con?ned to the 
details set forth, and this application is intended to cover 
such modi?cations or changes as may come Within the 
purposes of the improvements or the scope of the folloWing 
claims. 
What is claimed is: 
1. An image forming apparatus comprising: 
an image bearing member for bearing an image; 
a movable recording material carrying member for elec 

trostatically carrying the recording material; 
transfer means for transferring the image from said image 

bearing member onto the recording material carried on 
said movable recording material carrying member by 
application of a transfer output having a predetermined 
level When an image formational area of the recording 
material passes through a transfer position, 
Wherein the predetermined level is changeable; 
control means for controlling start timing of a change 

of the transfer output in accordance With the prede 
termined level so that the transfer output reaches the 
predetermined level before the leading edge of the 
image formation area reaches the transfer position, 

Wherein said control means controls the start timing of the 
change of the transfer output from before the leading 
edge of the recording material carried on said movable 
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recording material carrying member until the leading 
edge of the image formation area reaches the transfer 
position. 

2. An apparatus according to claim 1, Wherein said control 
means controls the timing in said period. 

3. An apparatus according to claim 1, Wherein said control 
means changes the output from a ?rst level to a second level 
at said charging start timing. 

4. An apparatus according to claim 3, Wherein said ?rst 
level is Zero. 

5. An apparatus according to claim 3, Wherein said ?rst 
level has an absolute value Which is smaller than an absolute 
value of said second level. 

6. An apparatus according to claim 5, Wherein said ?rst 
level is Zero. 

7. An apparatus according to claim 3, Wherein said ?rst 
level has a polarity Which is opposite from a polarity of said 
second level. 

8. An apparatus according to claim 1, Wherein said control 
means selects a control mode from a ?rst mode Wherein said 
control means changes the output before the leading edge 
reaches to the transfer position and a second mode Wherein 
said control means changes the output during the non-image 
formation area is passing through the transfer position. 

9. An apparatus according to claim 8, Wherein said control 
means changes the output from a ?rst level to a second level. 

10. An apparatus according to claim 9, Wherein said ?rst 
level is Zero. 

11. An apparatus according to claim 9, Wherein said ?rst 
level has an absolute value Which is smaller than an absolute 
value of said second level. 

12. An apparatus according to claim 11, Wherein said ?rst 
level is Zero. 

13. An apparatus according to any one of claims 1 to 12, 
further comprising curling means for curling the recording 
material before the recording material is carried on said 
recording material carrying member. 

14. An apparatus according to claim 13, Wherein said 
curling means includes a plurality of rollers. 

15. An apparatus according to claim 13, Wherein said 
image bearing member has a curvature Which is substan 
tially the same as the curvature of said recording material 
carrying member. 

16. An apparatus according to any one of claims 1 to 12, 
Wherein the current through said transfer means is controlled 
at a predetermined level. 

17. An apparatus according to any one of claims 1 to 12, 
Wherein the voltage applied to said transfer means is con 
trolled at a predetermined level. 

18. An apparatus according to claim 1, Wherein during 
image transfer, said transfer means is contacted to a side of 
said recording material carrying member opposite from the 
side carrying the recording material. 

19. An apparatus according to claim 1, Wherein an image 
of different colors is formed on the recording material by 
repeating electrostatic transfer of the image onto the same 
recording material. 
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